Introduction
Over the last years, a number of studies have attempted to estimate the economic impact of public investment in research for different OECD countries. Until recently, a broad consensus existed concluding that the rate of return of such public investment is high. The most wellknown study (Guellec and van Pottelsberghe de la Potterie, 2001 ) found a long-term elasticity of Multifactor Productivity (MFP) with respect to business R&D in OECD countries over the period 1980-98 of 13%, increasing over time. For public research, the study found that the long-term elasticity of government and university-performed research on productivity was around 17%.
Within that, the effect of universities was higher, possibly because in some countries, government laboratories had primarily non-economic objectives such as supporting defense. At the same time the impact of cross-border spillovers appeared higher for smaller countries than for larger ones, reflecting the higher shares of international co-publication and co-patenting of smaller nations. To achieve such benefits though, the smaller country needs to become more R&D intensive and more specialized.
Other studies confirmed the complementarities between public and private R&D. Pain (2005a, 2005b) analyzed 20 OECD countries over a 20-year period to 2001 and found evidence of significant complementarity between public sector and business sector R&D. They considered that this more than offset any negative effect from public sector R&D on labor costs in the business R&D sector. They found that: "an increase of one standard deviation in the share of non-business R&D in GDP (an increase of 0.06 percentage points for the average economy) raises business sector R&D by over 7% and total patenting by close to 4%." (Jeaumotte and Pain, 2005b, p.38) .
Another dimension of complementarity between public investment in research and private sector R&D arises from the attraction it exerts on internationally mobile R&D, an R&D 'crowding-in' effect. Factors such as the prospect of high quality collaborators, recruitment opportunities and technology transfer infrastructure feature variously in such studies. The overall message is that a high quality research base will attract international R&D (and the same factors will encourage domestic companies to retain and expand their R&D investments). More recent evidence on a large country such as the UK, found that public sector financed R&D had a significant impact on attracting foreign R&D (see e.g. Haskel and Wallis, 2013) .
However, Van Elk et al. (2015) , using a long R&D data set going back to 1963 for some countries, arrived at more ambiguous macroeconomic evidence for the economic returns on public R&D with results showing sometimes negative, zero or weakly positive impact, depending on the specific model used in the estimations. They implemented three classes of econometric models: (i) a Cobb-Douglas production function, (ii) a translog production function, and (iii) an augmented production function. In each of these, three separate types of R&D were correlated with total factor productivity levels: private R&D (carried out by business enterprise), foreign R&D (weighted business enterprise R&D carried out in other countries representing spillovers), and non-private R&D (carried out primarily in public research organizations and universities, hence used as proxy for "publicly funded science". The econometric models were implemented using a panel dataset in which most OECD countries were present. The results obtained can be summarized as follows. In the "raw" Cobb-Douglas estimations, none of the R&D measures appeared significant. In the error-correction model (ECM) version of the Cobb-Douglas model, private R&D had a positive impact, but public R&D a negative impact (but often not significant). In the translog model, results depended strongly on the exact implementation. Private and public R&D both had a positive impact if the profit-maximization condition for that particular type of R&D were implemented. When the condition was not implemented for public R&D, the impact became negative. In the augmented model, which allows for different rates of return of public (and private) R&D between countries, the impact of public R&D appeared positive.
In the present paper we address three issues using an updated version of the data set used by Van Elk et al. (2015) for the Netherlands, thus extending the period under analysis to . We focus on the case of the Netherlands as a first application of the methodology, which is time series based, because it is a country with many innovative but not necessarily small firms. First, we estimate the relation between domestic and foreign public and private R&D as well as total factor productivity and GDP in a vector-error-correction framework. Second, we look specifically at the impact of transitory and permanent shocks of domestic public R&D on TFP, GDP and all the R&D variables including all the feedback effects from TFP and GDP on these variables. Third, we analyze the possibilities of international coordination of R&D, enhancing (i) the growth rate of foreign and domestic public by a symmetric permanent shock, and (ii) the growth rate of domestic and foreign public and private R&D.
In section 2 we explain the production function framework and its relation to the VAR (vector auto regression) model that is the basis of our estimations. In section 3 we briefly introduce the data. In section 4 we explain the econometric procedure. In section 5 we document the basis estimation results and the dynamic solution to the model. Section 6 presents simulation effects for the cases of (i) transitory and permanent domestic public R&D shocks, and (ii) internationally coordinated symmetric shock to either only public or all R&D variables. These results represent the core of our findings about the impact of private and public R&D on productivity growth in the Netherlands, and hence Section 6 (and the following section 7) are the ones that a reader who is less interested in the econometric procedure should focus on. In section 7 we calculate rates of return and net gains from policy for future generations.
Model
We extend the single equation approach of van Elk et al. (2015) to a multi-equation approach in the form of a vector error correction model (VECM) in order to capture multi-way causality explicitly, so that all variables can influence each other.
A is defined as total factor productivity, normalized to unity for 2011. P is the domestic private R&D capital stock. G is the domestic public R&D capital stock. G* is the foreign public R&D capital stock, P* the foreign private R&D stock 2 , Y is domestic GDP and Y* is foreign GDP aggregated over OECD countries. We assume that A, G, P, G* and P* can be represented by CobbDouglas functions using lagged values of all variables (including the variable itself and including either hY or h*Y* with h-terms as expenditure shares on R&D) on the right-hand side. These right-hand side variables represent a wide range of causal effects, e.g., the productivity effect of various types of R&D and R&D spillovers, but also feedback effects of growth on R&D investment, and complementarity or substitution effects between various types of R&D. In line with the basic idea of the VAR method, we intend to let the estimation decide which of these effects exist, or are dominating in the actual realization that we see in the data. Each equation also has an exogenous (technical progress) term and residuals with an autoregressive process of order 1 (to be tested in the empirical part). The general form of these Cobb-Douglas equations can be represented as follows: …,5; j = 1, …,6 where X represents the variables A, G, P, G*, P*, hY or h*Y*, u k and are disturbance terms with the usual characteristics, the subscript k represents the index of the k-th variable and the corresponding equations with variable k on the left-hand side, j is a specific values of the index 3 for the j-th variable, the index k,j then represents the j-th argument in the k-th equation; t is a time subscript, and  k,j and  k represent the parameters that are to be estimated. 
Data
Data are an updated version of those in van Elk et al (2015) , using more recent sources that extend the time period to 2014. GDP and Total Factor Productivity (TFP) are from the Penn World Tables (version 9.0; Feenstra et al. 2015) . We use the national accounts version (RGDPNA) for GDP, and calculate our own TFP variable that uses raw labour data rather than employment data corrected for a human capital index, and national accounts-based data for GDP, the capital stock and the share of wages in GDP.
R&D data come from the OECD, and as Van Elk et al. (2015) , we use old versions of the OECD database to extend the coverage of R&D data back into the 1960s. Gaps in the R&D data are filled by interpolating R&D intensity (R&D as a share of GDP) and using GDP data to recover the implied R&D expenditures. The time series for R&D expenditures are then converted into R&D capital stocks, to represent the idea that it is not only current R&D expenditures that influence productivity, but rather the accumulated knowledge that results from present and past R&D expenditures. It is also assumed that this accumulated knowledge depreciates (we use a rate of 15%). Then we use a perpetual inventory method to construct the stocks: S t = (1-0.15)S t-1 +R t , where S is the stock and R is current expenditure. 5 We apply this to both public and private R&D, yielding a stock both types. Private R&D expenditures are expenditures by business enterprises, public R&D expenditures are total domestic expenditures minus business enterprise expenditures (higher education and public labs are the largest categories of public expenditures defined in this way). The foreign R&D capital stocks, private and public, are distance-weighted averages of the stocks in the sample of Van Elk et al. (2015) , i.e., aggregated across OECD countries (excluding the country under analysis, the Netherlands).
All variables are used in natural logarithms. In the figures and in the text we use also the following symbols synonymously:
The average over the years for BERD is 0.01 and its standard deviation is 0.001; for GERD this is 0.018 and 0.001. There is no trend is these shares. 5 We also need to assume a fixed growth rate of the stock for the initial period. This is chosen to minimize the difference between the initial growth rate and the next one that results from the formula. Figure 1 shows the yearly growth rates (ln differences) of all variables in the estimation. Growth rates are positive but falling with ups and downs, leaving open the question whether they have a lower limit, and at which value. Especially TFP and public R&D may come close to such a lower limit at the end of the sample. We expect that all these variables affect each other mutually. This implies that we also assume that variables for the Netherlands may affect the foreign R&D stocks. Thus, we treat the Netherlands as a "large" country, as imperfect competition theory 6 and its G20 status would suggest. However, the estimations may still show that the effect of Dutch variables on the foreign R&D capital stocks is negligible, suggesting a "small country" effect.
Econometrics
We will estimate a time series model that accounts for mutual impact of all variables on each other, which is likely to take some time as it operates through effects of lagged variables. This is exactly the VAR perspective (with only lagged values on the right-hand side of the equations in our case). If the variables in the analysis show a unit root, i.e., are non-stationary, we need to extend this VAR perspective to a vector Error Correction Model (VECM). The VECM model estimates one or several long-run relationships between the variables (the co-integration equations). It then assesses how far the economy is from these long-run relationships by calculating the residual in the co-integration relationships and includes these in the VAR model. When the estimated model is stable, the residuals of the co-integration equations, commonly termed the error-correction terms, will tend to zero, representing a long-run "equilibrium". Such a model can be used in simulations of the effects of exogenous shocks in one or more of the variables in the model. 6 Under fixed costs and therefore imperfect competition firms are price setters and there are no small countries in the sense of being price takers (Helpman and Krugman 1989) .
For univariate unit-root analysis we use the augmented Dickey-Fuller tests including break tests, both the additive outlier test and the innovational outlier test. Domestic private R&D has almost certainly no unit root. However, domestic public R&D and foreign private R&D have a unit root according to the augmented Dickey-Fuller tests including break tests, in both the additive outlier test and the innovational outlier test. Other variables have probabilities for a unit root near twenty percent and all have coefficients below unity, indicating that these are perhaps near-unit roots. 7 Therefore some of these variables are integrated of order one, I(1), whereas others are more likely I(0). Therefore we should use a (VECM).
In order to determine the lag order of the model (how many lags of each variables to use in the estimations), we estimated a VAR with endogenous GDP and TFP, domestic and foreign private and public R&D, TFP (all in natural logs), a constant and a trend. This has optimal lag length of two (for four of the standard criteria) or three (for the AIC) (we allow for a maximum of three lags in these tests 8 ). However, for lag lengths two or three, the VAR model is not stable, which makes it unusable for econometric and simulation analysis. With just one lag the VAR is stable and therefore only this model can be used as a basis for the VECM.
The maximum eigenvalue test and the trace test suggest, at the five percent significance level, two or three co-integrating equations (CEs) under a quadratic trend and three or four under a linear trend. 9 We worked through all the four cases. The highest log likelihood is obtained under a linear trend and 4 co-integrating equations. With k=6 endogenous variables and r=4 cointegrating equations the number of unit roots is k -r = 2, as expected from the unit root analysis above. The estimation method is maximum likelihood.
With six variables and four co-integrating equations, identification requires that each long term relation has four constraints. In practice, one constraint imposes a coefficient of unity to one of the variables (making it similar to a "dependent" variable in a common regression framework), and the other three are zero, i.e., they exclude a variable from the equation. By implication, each long-term relation can have only two regressors besides the constant and the trend. The effects of other variables then come via the feedback relations in the whole system of six difference equations (the VAR part of the model). Support for the idea that the variables are endogenous requires that variables are significant in the long term relation and adjustment coefficients for the error correction terms are significant. Renormalization in line with these requirements allows writing the long-term relations in a way that they provide economic intuition. We first do the renormalization and then set adjustment coefficients with low t-values to zero as long as the p-value for the chi-square test for the whole constraint constellation is increasing. 7 The hypothesis of a coefficient of 0.95 instead of unity would have a higher probability than that of a unit root. 8 With six variables and four lags we would have per equation 6x4 coefficients for the lags and per equation one for the constant and the trend; 26 coefficients for 47 observation results in a too low degree of freedom. 9 A quadratic trend is a trend in the growth rate equation, which relevant if growth rates are falling over a long period. A linear trend is a trend in the level equation of the co-integrated variables.
Estimation Results
In this section we present first the long term relations of the VECM, then the complete model which contains the long term relations. The estimation period is 1968-2014. Thereafter we present effects from temporary and permanent shocks. The permanent shocks are presented in three scenarios: a shock to domestic public R&D only; a shock of the same size also to foreign public R&D; a shock of half that size to all four R&D variables.
Long-run relations
The first co-integration equation represents a long-term equilibrium relation between TFP, domestic private and public R&D capital (t-values in brackets):
Domestic public and private R&D capital both translate positively into TFP: a one percent increase in public R&D capital leads to a 0.6 percent increase in TFP. A one-percent increase of private R&D capital increases TFP by 1.8 percent. Moreover, there is a negative time trend of about six percent, and a low intercept indicating low and falling TFP if public and foreign R&D were hypothetically absent.
The functional form of this equation comes close to the single-equation Cobb-Douglas estimations by Van Elk et al. (2015) . But here the equation is part of a larger model with three other long-run relations and an explicit short-run adjustment framework in which all variables are involved. In the equation here, we have a clearly positive impact of both public and private domestic R&D (contrary to Van Elk et al.) . However, this is only a partial effect, as the complete effect should also look at the other co-integration equations and the adjustment equations.
The next long-term equilibrium relation is between domestic private R&D capital P, foreign private R&D capital P* and foreign public R&D capital:
A one percent increase in foreign private R&D capital translates into 0.3% fall of domestic private R&D capital (i.e., substitution of own R&D by spillovers from abroad), which is plausible in the presence of strategic substitutes in oligopoly models, deterrence effects and low cost strategies of absorbing spillovers. A foreign public R&D increase by one percent increases domestic private R&D by 0.42 percent, which is a complementarity effect.
The third long-term relation is for domestic public R&D capital, foreign public R&D capital and domestic GDP: As stressed already, all these effects are only partial long-run effects. The total system may respond differently if we take into account the interaction between these four co-integration equations, as well as the short-run adjustment dynamics represented in the VAR part of the system. Before looking at these system-wide effects by analysing the responses to transitory and permanent shocks, we will look at the estimations for the VAR part of the model.
The complete VEC model
We proceed to rewrite equations (1) - (4) to put the deviations from the long-run equilibrium relations (residuals, denoted as CE1 -CE4) on the left-hand side:
We include those error-correction terms in equations for the log first differences of all variables in the model, which represents the VAR part of the model. Estimation results are as follows (tvalues in brackets; using x =logX and dx = logX -logX t-1 ) 10 : The error probability of rejecting the constraints on the adjustment coefficient for the long-term relation is p-value = 0.999. The lowest t-value accepted in this way is -1.14 in the last equation. The adjusted R 2 for the six equations are 0.47, 0.63, 0.24, 0.87, 0.83 and 0.34 respectively. Whenever the CE terms deviate from zero, they trigger changes on the left-hand side. As the expected values of the CE terms in long-run equilibrium (i.e., equations 1 -4 are satisfied) and the residuals are zero, the model can be solved for the expected long-run growth rates (which are then equal to the constants in equations 5 -10). These implied long-run growth rates are roughly between one percent for the TFP and 3.5 percent for foreign private R&D capital. Both foreign growth rate variables are higher than the domestic ones. As growth rates of R&D capital indicate also cumulative costs, the fact that they are higher than those of TFP indicates that the costs of making TFP are increasing more than the TFP itself. This confirms a point made by Bloom et al (2017) . However, as indicated by the use of a production function and marginal productivity condition for capital above, the returns do not consist of TFP effects only but rather of an additional effect through capital movements on GDP that is increased twice as much as the TFP in the policy scenarios discussed below.
[insert Figure 2 about here]
Stochastic solution of the model
We solve the model dynamically with one thousand stochastic repetitions using normal random numbers (see Figure 2) . Some salient findings from this dynamic solution is that Dutch GDP for the period 1979-1989 is below the long-run trend, while for 1996-2008 it is above the long-run trend. The crash in 2009 brings the economy back to the trend line, immediately for TFP and slowly for GDP. 11
The economic effects of public and private R&D
We now proceed to analyse the economic effects of public and private R&D in the Netherlands for the period 1968 -2014. In our time series-based VECM approach, this is done by simulations that analyse the effects of an exogenous shock to the R&D capital stock variables. When these variables are shocked, either once or permanently, they will invoke deviations from long-run equilibrium (equations 1 -4 above). These deviations will lead to adjustment dynamics in the short run (non-zero CE terms and their repercussions in equations 5 -10).
Given that the estimated model is stable, the economy will, over time, return to a new long-run equilibrium, in which the shock may have caused some changes relative to the original equilibrium state. These changes are considered as the (causal) effects of the original shocks, i.e., as the economic effects of public or private R&D (depending on which variables was shocked in the first place).
[insert Figure 3 about here]
Transitory shocks to domestic public R&D stocks
We start by looking at the effects of a transitory shock to the domestic public R&D stock. In Figure 3 , all values are measured as deviations from the baseline, which is the long-run solution of the model in Figure 2 . The domestic public R&D stock starts with a transitory (i.e., once-off) shock of 0.0059 (one standard deviation). This shock has effects on the whole difference equation system, which first reacts one period later (as indicated by the fact all other variables start at zero and deviate from this in the next period.
In the long run this leads to an enhancement of the public R&D stock by 0.0165 (1.65 percent), i.e., the transitory shock becomes a larger permanent shock. Domestic private R&D has about thirty years of positive effects, with a peak of 0.0068 after ten years, but shows a negative effect in the long run. This indicates that in the long run, an increase in public R&D crowds out some private R&D in the Netherlands. The long-run net effect of these two strong forces is to increase TFP by 0.0056 (half a percent), which is about one third of the long-run change in the public value and therefore about half of what can be expected from the first long-term relation. The crowding-out of private R&D explains a great deal of this difference.
On the other hand, foreign private and public R&D seem to work more like a strategic complement, i.e., both same into the same (positive) direction. Moreover, foreign private and public R&D show strongly different magnitudes and therefore should not be aggregated. The long-run effect of the transitory shock on Dutch GDP is 0.013, which is more than twice as much as that of the TFP and can be explained through reduction of capital outward movements, and perhaps temporarily higher employment. The difference between the long-run increase in domestic public R&D and the initial shock, 0.0165-0.0059, is roughly equal to the increase of private foreign R&D by 0.01 and domestic GDP by 0.013, the former representing the increase in competitors' effort and the latter representing the increase in gross social revenue and additional means in the domestic R&D and TFP enhancement processes. In contrast, foreign public R&D reacts only by one-tenths of this order of magnitude.
[insert Figure 4 about here]
A permanent shock to public R&D
The public R&D equation (6) has an intercept of 0.027, its long-run growth rate. We assume and impose that policy can add 0.005 to this permanently. Public R&D and TFP run up to 74.3% and 27.5%, respectively, above baseline in the seventy years from 1971 to 2040 through the shift of the intercept in equation (6) from 0.027 to 0.032. These two variables show an increasing deviation from the baseline until the very end of the simulation period (2040), as do GDP and the foreign R&D stocks. The conclusion is that there is a clearly positive productivity effect for the Dutch economy from the policy simulation that permanently increases public R&D.
For private R&D, the change relative to the baseline goes up to only 5.6 percent beyond baseline after thirty years and then goes back to almost zero (0.002 percent) in 2040, thus, over the entire period, private R&D seems to be complementary to public R&D, as was also the case for the early phase of the effect of a transitory shock of public R&D. GDP increases by 61.4 percent above baseline, which is an additional 0.876 percent for each of the seventy years, and 2.23 times the effect on the TFP through the additional attraction of capital and perhaps other production factors.
The effects of domestic public R&D on domestic private R&D are small through the concomitant foreign R&D which has a mitigating effect on private R&D and TFP in the long run according to equation (2). This effect may have at least two interpretations. First, any action also in a small country is countered by its major competitors doing also more R&D; in this argument R&D decisions are strategic complements reducing the effect on TFP and mitigating the increase of domestic private R&D investment in spite of its complementarity.
Once the system has returned to a long run situation all CE-terms are zero. The intercept of equation (6) remains higher at 3.2 percent instead of 2.7 percent because of the permanent policy shock. The discrepancy of growth rates of the public R&D capital stock with that of TFP has become higher because TFP grows in the long-run at the rate indicated by the intercept of equation (5), which is 0.95%. But note that this does not take into account the level effect on TFP: even if the long-run growth rate of TFP remains (by assumption) unchanged by the policy experiment, 70 years of adjustment lead to very significant increases in the level of TFP. To see how this can be advantageous, especially for future generations who also inherit the cost of higher R&D growth in addition to the high TFP level, requires a rate of return analysis which will be presented in section 6.
Internationally coordinated public R&D enhancement
In this section we assume that there is an international agreement to raise public R&D. From the Dutch perspective, this implies that domestic and foreign public R&D are all increased by a shock, which we assume is as much as that on only domestic public R&D above. The idea is to increase the intercept of the growth rate equations for public R&D by approximately that in the previous sub-section, and ask "what happens if the other countries' governments do the same?". We add 0.005 permanently to the constants of equation (6) and (9) for domestic and foreign public R&D. All changes are assumed again to be made from 1971 onwards. Figure 5 shows the results (the figures are constructed in the same way as Figure 4 ). Figure 5 shows that the assumed policy leads to a slow start of the TFP effect in the first fifteen years. During seventy years the total effect runs up to only six percent compared to baseline. In domestic public R&D there is a similar slow start and the total effect runs up to twenty percent above baseline. Private R&D is higher for thirty years but always less than two percent above baseline. After this the effect for domestic private R&D declines and tends to zero around 2040. Also both foreign R&D variables react less strongly than under the national policy scenario. Therefore all effects are much lower than under a purely domestic shock. Foreign public R&D is going up in the beginning phase after the shock and then temporarily down whereas it was going down temporarily earlier in the national policy scenario (see Figure 5 ).
[insert Figure 6 about here]
Internationally coordinated public and private R&D enhancement
Finally, we increase all the four R&D variables permanently by a shock of 0.0025, which is half of what public R&D did alone in the previous scenario. The burden that was on the public R&D now is shared equally in terms of changes of growth rates with the private sector in the first period and in the long run. Figure 6 shows that all the effects are much stronger than when public R&D alone got shocked even twice as strongly in the previous scenarios. Again public R&D runs up strongly and private R&D weakly for the domestic economy and for the foreign economy it is the other way around. The TFP difference runs up to 13% percent and that for GDP to 28%, both at least twice as much as under a shock only for public R&D although the latter was twice as strong. Decreasing marginal products in the production function make it much more effective to increase all the four variables equally in the beginning. Effects from coordinating policies between public and private R&D are very high.
Rates of return
As the numbers above depend on the size of the shock and the length of the period under consideration, they cannot easily grasp the net effects on welfare. Therefore, we calculate the internal rates of return of the policy experiments, which are defined as the discount rate that would drive the sum of discounted net gains over time to zero. The benefits are the yearly additional GDP (deviation of policy scenario relative to baseline). The current costs are the yearly additional gross investments (re-investment plus depreciation) in domestic public and private R&D capital of the policy scenario compared to baseline. Foreign R&D investments are not considered in the rate of return calculations, because we also do not include foreign GDP increases as welfare benefits.
Tables A.1 -A1.3 provide the steps. Columns 1-3 present the values of the baseline scenario in natural logarithms. Columns 4-6 present the values after removing the logs. Columns 7-9 show the log differences of policy scenarios from the baseline scenario. In columns 10-12 the percentage differences of columns 7-9 are multiplied to the levels of columns 4-6 resulting in the differences of the variables from baseline. Taking differences of these latter values from the previous year gives the yearly changes of the flows of the variables in columns 13-15. Columns 16 calculates the gains as the change in policy-baseline difference of GDP from column 13 minus the corresponding change in net investments from columns 14 and 15, minus depreciation, which is the change in the difference from baseline in the stocks from columns 11 and 12. In column 17 these gains are discounted at the standard discount rate of 4 percent as it was used in much of the literature of the 20 th century. In column 18 we use a discount rate for the flow of gains that should bring the sum of its discounted values in column 19 to zero in 2014. The actual work has been done for more digits than visible.
The internal rate of return for the first scenario with calculations shown in Table A .1 (columns 11-20 on the second page), where only the domestic public R&D stock gets a permanent shock of a half percent, is 131.5 percent (this includes the costs of the induced effect on domestic private R&D, which are negative in the final stage of the simulation). For the second scenario with calculations shown in Table A .2 (columns 11-20 again on the second page), where the domestic and foreign public R&D stocks get a permanent shock, the internal rate of return are four percent for the time horizon 2014, five percent for horizon 2024 and six percent for horizon 2040. These rates of return are much lower than for the first scenario But still the rate of return is clearly positive. In the third scenario with calculations shown in Table A .3 (columns 11-20 again on the second page) where the growth rates of all R&D capital stocks get a shock of a quarter of a percent the rate of return is 77 percent.
For a decision making in 1970 and the subsequent development described in the policy scenarios this analysis is appropriate. However, generations born in 2014 or later inherit not only the TFP stock but also the higher growth rates of R&D capital stock which require re-and net-investment costs. Discounting for the period before their birth may not be adequately doing justice to them. In column 20 we therefore avoid discounting and express the current flow of net gains from column 16 as percentage of GDP of the baseline scenario -using the actuals instead gives of course very similar results. In the first scenario the additional gains obtained yearly go from 0.001 in 1972 to 1.2% in 2014 and to 1.48% in 2040. For the second policy scenario, after 15 years being negative, they go 0.18% of GDP in 2014 and to 0.24% in 2040. In the third scenario they go from one negative value of -0.03% to 0.55% in 2014 and to 0.67% in 2040.
Concluding, for all three policies these gains as share of GDP are positive and increasing until 2040 (not shown) and therefore the policies are advantageous also for future generations.
Conclusion
Compared to our time series method that considers a wide range of causal effects, single equation panel analysis with slope homogeneity may have two disadvantages. First, if heterogeneity between countries is strong it may make results insignificant. Second, multi-way causality can better be dealt with by multi-equation modelling. Therefore we have used a vector-error-correction model for one country only, that deals with feedback mechanism explicitly and does not run into the problems of heterogeneity. That such heterogeneity is probably rather important was already shown by the augmented production function estimates in Van Elk et al. (2015) , which yield strongly different rates of return to public R&D investment between OECD countries.
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Appendix: Rates of return to R&D policies
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. Figure 3 : A transitory shock to the public R&D stock by about 0.6% goes to almost three times of its initial value permanently. TFP increases by one third of this in the long run. GDP increases by twice the percentage of TFP. Foreign public R&D reacts less strongly and foreign private R&D more strongly than there domestic counterparts.
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